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APPARATUS AND METHOD FOR CONTROLLING COOLING OF GANTRY 
HAVING LINEAR MOTOR 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to an apparatus and 
method for controlling cooling of a gantry having a 
linear motor, and more particularly to an apparatus and 
10 method for controlling cooling of a gantry in which 
peripheral environment of a linear motor of a gantry is 
measured, and if a gantry is overheated, it is cooled by 
using a cooling fan or an air nozzle. 

15 Description of the Backgro und Art 

Generally, a surface mounting device (SMD) is to 
mount electronic components on a printed circuit board 
(PCB), for which an X-Y gantry including a pickup module 
is employed and a linear motor is adopted to the X-Y 
20 gantry as a driving force. 

Figure 1 is a schematic perspective view of a 
gantry having a linear motor in accordance with a 

conventional art. 

As shown in the drawing, the conventional gantry 
25 includes a plurality of linear motors 10 adopted to a Y- 
axis frame and a linear motor 20 adopted to an X-axis 
frame . 
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Each linear motor 10 adopted to the Y-axis frame 
includes a stator 11 and a mover 12. The stator 11 
includes a 'U' -type frame 11a and a plurality of 
permanent magnets lib arranged at predetermined 
intervals at the inner both side surfaces of the /U' - 
type frame 11a. The mover 12 includes a flat-type frame 
12a and a coil block 12b formed at the bottom surface of 
the flat-type frame 12a. The coil block 12b is formed in 
a manner that a plurality of coils (not shown) are 
rranged at predetermined intervals at the bottom 
surface of the flat type frame 12a and molded by an 

insulating material. 

The linear motor 20 adopted to the X-axis frame 
installed on the mover 12 of the linear motors 10 of the 
Y-axis frame also includes a stator 21 and a mover 22, 
similarly to the linear motors 10 of the Y-axis frame. 

The stator 21 includes a ^U'-type frame 21a and a 
plurality of permanent magnets 21b, and the mover 22 
includes a flat-type frame 22a and a coil block 22b with 
a plurality of coils (not shown) arranged. 

With the X-Y gantry constructed as described above, 
a pickup module (not shown) for pick and place 
components is installed at a predetermined portion of 
the mover 22 of the linear motor 20 adopted to the X- 
axis frame. Movement of the pickup module in the X-axis 
direction is made by the mover 22 of the X-axis linear 
tor 20, while movement of the pickup module in the Y- 
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axis direction is made by the mover 12 of the plurality 
of linear motors 10 of the Y-axis frame. 

In order for the pickup module to pick up and 
place electronic components on a printed circuit board 
5 (not shown), the upper portion of the printed circuit 
board is moved in the X-Y direction by the mover 12 of 
the Y-axis linear motor 110 and the mover 22 of the X- 
axis linear motor 20. 

In order to move the pickup module in a 
10 predetermined direction, the Y-axis linear motor 10 and 
the X-axis linear motor 20 are used for a long time. In 
this case, heat is generated from the coil blocks 12b 
and 22b formed at each stators 12 and 22. That is, the 
coil blocks 12b and 22b formed at the stators 12 and 22 
15 includes the plurality of coils, so that when a driving 
power source is continuously supplied to the plurality 
of coils, heat is inevitably generated. 

Conventionally, however, there is no method for 
removing the heat generated from the Y-axis linear 
20 motors 10 and the X-axis linear motor 20, so that the 
linear motor is overloaded, causing that the gantry is 
stopped or malfunctioned. 

SUMMARY OF THE INVENTION 
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Therefore, an object of the present invention xs 
to provide an apparatus and method for controlling 
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cooling of a gantry having a linear motor which is 
capable of controlling a velocity of an Y-axis linear 
motor and an X-axis linear motor to lower down heat of a 
linear motor when the linear motor of a gantry is 
overheated. 

Another object of the present invention is to 
provide an apparatus and method for controlling cooling 
of a gantry having a linear motor which is capable of 
cooling an overheated linear motor by driving a cooling 
unit when the linear motor of a gantry is overheated. 

To achieve these and other advantages and in 
accordance with the purpose of the present invention, as 
embodied and broadly described herein, there is provided 
an apparatus for controlling cooling of a gantry having 
a linear motor including: a stator provided with a first 
temperature sensor, having a heat sink and a cooling fan 
at predetermined portions of an X-axis and an Y-axis 
linear motors; a mover provided with a second 
temperature sensor, having a heat sink installed on the 
upper surface of an X-axis and a Y-axis linear motors; 
an encoder for sensing a position and velocity of the 
mover; an encoder periphery sensor part for measuring 
surroundings (a temperature, a humidity and a pressure) 
of the encoder; an A/D converter for receiving a first 
and a second temperature signals and converting them 
from an analog signal to a digital signal and outputting 
the same; a controller for controlling a drive signal 
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outputted from a mover driver unit to control the 
velocity of the Y-axis linear motor and the X-axis 
linear motor; a D/V converter for converting digital 
signals, that is, a cooling fan control signal and an 
air valve control signal to a plurality of drive signals, 
that is, analog signals; and a mover driver for 
providing the drive signal to a coil block. 

To achieve to above objects, there is also 
provided a method for controlling cooling of a gantry 
including the steps of: operating at least one mover 

(511) ; measuring temperatures of an X-axis and a Y-axis 
stators (Txs, Tys) by means of temperature sensors 

(512) ; measuring temperatures of an X-axis and a Y-axis 
movers (Txm, Tym) by means of temperature sensors (S13) ; 
storing the measured temperature (Txs, Tys, Txm and Tym) 
on the stators and movers and comparing them with a pre- 
set temperature, that is, a comparative value (S14); 
storing the temperature information (Txs, Tys, Txm and 
Tym), comparing them with the comparative value of the 

20 pre-set temperature, and computing a difference between 
them in case that the temperatures (Txs, Tys, Txm and 
Tym) are greater than the pre-set comparative value 
(S15) ; computing a temperature gain corresponding to the 
computed temperature difference (S16) ; and driving a 
first and a second cooling fans 14a and 14b and an air 
valve 33 as long as the temperature gain, to perform 
cooling (S17) . 
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The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
5 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to 
10 provide a further understanding of the invention and are 
incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention 
and together with the description serve to explain the 
principles of the invention. 
15 In the drawings: 

Figure 1 is a perspective view of a gantry 
adopting a linear motor in accordance with a 

conventional art; 

Figure 2 is a perspective view of an apparatus for 
20 controlling cooling of a gantry adopting a linear motor 

in accordance with the present invention; 

Figure 3 is a plan view of the apparatus for 

controlling cooling of a gantry of Figure 2 in 

accordance with the present invention; 
25 Figure 4 is a side view of the apparatus for 

controlling cooling of a gantry of Figure 2 in 

accordance with the present invention; 



Figure 5 is a block diagram for explaining an 
apparatus and method for controlling cooling of the 
gantry of Figure 2 in accordance with the present 
invention; 

5 Figure 6 is a flow chart of the method for 

controlling cooling of a gantry of Figure 2 in 
accordance with one embodiment of the present invention; 
and 

Figure 7 is a flow chart of a method for 
10 controlling cooling of a gantry in accordance with 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Reference will now be made in detail to the 
preferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings. 

The apparatus and method for controlling cooling 
of a gantry having a linear motor of the present 
invention will now be described with reference to the 
accompanying drawings. 

First, as shown in Figures 2 through 4, the 
apparatus for controlling cooling of a gantry includes a 
Y-axis linear motor 10 installed at a Y-frame (not 
25 shown) of a gantry and an X-axis linear motor 20 
installed at an X-frame (not shown) of the gantry. 

As shown in Figures 2 and 3, the Y-axis linear 
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motor 10 includes a stator 11 and a mover 12. 

The stator 11 includes a 'U'-type frame 11a and a 
plurality of permanent magnets lib arranged at 
predetermined intervals on both side surface inside the 

^U'-type frame 11a. 

As shown in Figures 2 and 4 , a first temperature 
sensor 31 is installed at an inner predetermined portion 
of the ^U'-type frame 11a, and a heat sink 11c is 
installed at a predetermined portion of the ^U' -type 
frame 11a. A plurality of cooling fans lid are installed 
at predetermined portions of the heat sink 11c. 

The mover 12 includes a flat-type frame 12a and a 
coil block 12b installed at the lower surface of the 

flat-type frame. 

A second temperature sensor 32 is installed at one 
side of the flat-type frame 12a, and a heat sink 12c is 
installed at the upper portion of the flat-type frame 
12a. 

A valve 33 which forms a nozzle 33a for cooling 
the mover 12 is installed at the upper side of the coil 
block 12b. 

Meanwhile, the X-axis linear motor 20, as shown in 
Figures 2 and 3, includes a stator 21 and a mover 22. 

The stator 21 includes a ' U 1 -type frame 21a and a 
plurality of permanent magnets 21b arranged at 
predetermined intervals at both side surfaces inside the 
'U'-type frame 21a. 
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A first temperature sensor 31 is installed at an 
inner portion of the ' U'-type frame 21a, and a heat sink 
21c is installed at an outer portion of the 'U'-type 
frame 21a. 

5 The mover 22 includes a flat-type frame 22a and a 

coil block 22b installed at the lower surface of the 
flat-type frame 22a. 

A second temperature sensor 32 is installed at one 
side of the flat-type frame 22a, and a heat sink 22c is 
10 installed at the upper portion of the flat-type frame 
22a 

A valve 33 which forms a nozzle 33a is installed 
at the upper side of the coil block 22b to cool the 
mover 22 . 

15 In order to sense a position and a velocity of the 

mover 22, as shown in Figure 4, there is provided an 
encoder 35. As a linear encoder, the encoder 35 includes 
an indication member 35a and an optical sensor 35b 
installed spaced apart from the mover 22. 

20 An encoder periphery sensor part 34 is installed 

at one side of the indication member 35b, to measure 
peripheral environment of the encoder 35 and generate a 
peripheral environment signal, that is, an analog signal 
That is, the encoder periphery sensor part 34 includes 

25 sensors to measure a humidity, a temperature and a 
pressure around the encoder 35. 

Meanwhile, as for the apparatus for controlling 



cooling of a gantry having a linear motor as shown in 
Figure 5, a controller 42 generates and outputs a driver 
control signal such as a position, a velocity or an 
acceleration control signal to a mover driver 44. 

5 The mover driver 44 generates a drive signal and 

transmits it to a coil block 22b, so that current flows 
to the coil block 22b, according to which the linear 
motor is operated. 

The encoder periphery sensor part 34 measures 

10 peripheral environment (i.e., temperature, humidity or 
pressure, etc.) and generates a periphery signal, and 
the encoder 35 senses the velocity and the position of 
the mover 22 and generates an encoder signal. 

The first and the second temperature sensors 31 

15 and 32 generates a first and a second temperature sensor 
signals, respectively. The first and the second 
temperature sensor signals are converted into digital 
signals by an A/D converter 41 and inputted to the 
controller 42 . 

20 The controller 42 receives the inputted signals 

and compares them with a pre-set environment values. 

In case that inputted peripheral environment 
values are greater than the pre-set environment values 
(that is, the linear motor has been for a long time and 

25 overheated) , the controller 42 controls in a manner that 
the first and the second cooling fan control signals and 
the air valve control signal, that is, the digital 



signals, outputted from the controller 42 are converted 
into analog signals by a D/A converter 43, and a first 
and a second driver signals are received to drive the 
first and the second cooling fans 14a and 14b and the 
5 air valve 33, thereby performing cooling. 

Besides, in case that the Y-axis linear motor 10 
and the X-axis linear motor 20 are overheated while 
being cooled, the velocity of each of the Y-axis linear 
motor 10 and the X-axis linear motor 20 is controlled to 
10 sink the overheat as generated. 

The method for controlling cooling of a gantry 
having a linear motor of the present invention will now 
be described with reference to Figures 5 and 6. 

The movers 12 and 22 are moved to move the module 
15 head (not shown) in the gantry having the Y-axis linear 
motor 10 and the X-axis linear motor 20 (Sll) . In this 
respect, in order to move the movers 12 and 22, the 
controller 42 generates a driver signal, such as a 
position control signal (POS), a velocity control signal 
20 (VEL) or an acceleration control signal (ACC) , and 
transmits it to the mover driver 44. 

According to the driver control signal received 
from the controller 42, the mover driver 44 generates a 
drive signal corresponding to the drive signal and 
25 transmits it to the Y-axis coil block 12b and the X-axis 
coil block 22b to thereby move the movers 12 and 22. 

While the movers 12 and 22 are being moved to 



perform an operation, the first temperature sensor 31 
and the second temperature sensor 32 sense heat 
generated from the Y-axis linear motor 10 and the X-axis 
linear motor 20, respectively. 
5 First, the first temperature sensor 31 measures 

temperatures (Txs, Tys) of the X-axis and Y-axis stators 
11 and 21 (S12) , and subsequently, the second 
temperature sensor 32 measures the temperatures (Txm, 
Tym) of the X-axis and Y-axis movers 12 and 22 (S13). 

10 The first and the second temperature sensors 31 and 32 
respectively output a first and a second temperature 
signals, which are received by the A/D converter 41. 

According to the first and the second temperature 
sensing signal outputted form the A/D converter 41, the 

15 temperature information (Txs, Tys, Txm, Tym) of the 
stators 11 and 21 and of the movers 12 and 22 are stored 
and then compared with the comparative value of pre-set 
temperature (S14) . 

After the controller 42 stores the temperature 

20 information (Txs, Tys, Txm, Tym), it compares them with 
the comparative value. If the values of temperature 
information (Txs, Tys, Txm, Tym) are greater than the 
pre-set comparative value, the controller 42 computes a 
difference between them (S15) . 

25 According to the computed temperature difference, 

the controller 42 computes a temperature gain (S16). And 
then, the controller 42 distributes the amount as much 
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as the temperature gain as a first and a second cooling 
fan control signal and an air valve control signal, 
transmits them to the D/A converter 43, so that the D/A 
converter 43 converts them into a first through a third 

5 drive signals, that is, analog signals, thereby driving 
the first and the second cooling fans 14a and 14b and 
the air valve 33 and cooling the linear motor (S17). 

Figure 7 is a flow chart of a method for 
controlling cooling of a gantry in accordance with 

10 another embodiment of the present invention. 

With reference to Figure 7, movers 12 and 22 are 
moved in order to move the module head (not shown) in 
the gantry having the Y-axis linear motor 10 and the X- 
axis linear motor 20. In this respect, in order to move 

15 the movers 12 and 22, the controller 42 generates a 
driver signal, such as a position control signal (POS) , 
a velocity control signal (VEL) or an acceleration 
control signal (ACC) , and transmits it to the mover 
driver 4 4. 

20 Next, the encoder 35 measures a position, and a 

velocity of the mover (S120) . 

And, the encoder periphery sensor part 34 measures 
the peripheral environment, such as temperature, 
humidity and pressure (S120) . The A/D converter 41 

25 converts a position signal and a velocity signal of the 
encoder 35 and a periphery signal of the encoder 
periphery sensor part 34 into digital signals, which are 
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inputted to the controller 42. 

The first temperature sensor 31 measures 
temperatures (Txs, Tys) of the X-axis and Y-axis stators 
11 and 21, and the second temperature sensor 32 measures 

5 the temperatures (Txm, Tym) of the X-axis and Y-axis 
movers 12 and 22 (S140) . The first and the second 
temperature sensors 31 and 32 respectively output a 
first and a second temperature signals, which are 
received by the A/D converter 41. 

10 According to the first and the second temperature 

sensing signal outputted form the A/D converter 41, the 
temperature information (Txs, Tys, Txm, Tym) of the 
stators 11 and 21 and of the movers 12 and 22 are stored 
and then compared with the comparative value of the pre- 

15 set temperature (S150). 

After the controller 42 stores the temperature 
information (Txs, Tys, Txm, Tym) , it compares them with 
the comparative value. If the values of temperature 
information (Txs, Tys, Txm, Tym) are greater than the 

20 pre-set comparative value, the controller 42 computes a 
difference between them (S160). 

According to the computed temperature difference, 
the controller 42 computes a temperature gain (S170) . 
And then, the controller 42 distributes the amount as 

25 much as the temperature gain as a first and a second 
cooling fan control signal and an air valve control 
signal, transmits them to the D/A converter 43, so that 



# 



the D/A converter 43 converts them into a first through 
a third drive signals, that is, analog signals, thereby 
driving the first and the second cooling fans 14a and 
14b and the air valve 33 and cooling the linear motor 
5 (S180) . 

And then, after the first and the second cooling 
fans 14a and 14b and the air valve 33 are cooled (S180) , 
the temperatures (Txs, Tys, Txm, Tym) and the 
comparative value are compared again (S190). 

p 10 In case that the values of the temperature 

information (Txs, Tys, Txm, Tym) are smaller than the 

^ comparative value, it returns to the step S120. 

^ Meanwhile, in case that the values of the 

Us? 

4j temperature information (Txs, Tys, Txm, Tym) are greater 

D 15 than the comparative value, the movement command to the 

« movers 12 and 22 is corrected (S200) . 

In this manner, in case that the plurality of Y- 
^~ axis linear motors and the X-axis linear motor adopted 

to the gantry are overheated, the driving signals to be 
20 transmitted to each coil block are controlled to reduce 
the velocity of the plurality of Y-axis linear motors 
and the X-axis linear motor to be driven, so that the 
plurality of Y-axis linear motors and the X-axis linear 
motor are prevented from overheating. 
25 As so far described, the apparatus and method for 

controlling cooling of a gantry having a linear motor 
have the following effect. That is, in case that the 
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linear motor adopted to the gantry is overheated, the 
driver signal transmitted to the coil block is 
controlled to adjust the velocity of the linear motor, 
so that the overheat generated in the linear motor is 
5 removed, and thus, the linear motor is prevented from 
malfunctioning . 

As the present invention may be embodied in 
several forms without departing from the spirit or 
essential characteristics thereof, it should also be 

10 understood that the above-described embodiments are not 
limited by any of the details of the foregoing 
description, unless otherwise specified, but rather 
should be construed broadly within its spirit and scope 
as defined in the appended claims, and therefore all 

15 changes and modifications that fall within the meets and 
bounds of the claims, or equivalence of such meets and 
bounds are therefore intended to be embraced by the 
appended claims. 
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